The main goal of the study presented here is to identify a repeatable pattern in the seasonal succession of phytoplankton assemblages in Lago Maggiore. In order to fulfil this objective we analysed the phytoplaktonic succession during a five years period (1995) (1996) (1997)(1998)(1999) 
INTRODUCTION
About two decades ago Harris (1980) stated that to predict the outcome of a phytoplankton succession in terms of species composition is almost impossible. More recently, Reynolds (1998) recognised that the basic question facing the phytoplanktologists is, once again, the following: "what lives where and why?"
A great stimulus to investigate where and when particular phytoplankton species might dominate came from studies of eutrophication and lake management, in the attempt to predict and, possibly, avoid blooms of undesirable species. The major effort was paid in trying to understand the role of algal nutrients, phosphorus in particular, as factors controlling the phytoplankton growth. In the most recent years Reynolds (1997 Reynolds ( , 1998 Reynolds ( , 1999 emphasised that more than a single environmental variable (such as nutrients) is at play when species are actively selected: basin morphometry, light quality and intensity, mixing dynamics (these last three related with local climatic constraints), water clarity, grazing pressure, alkalinity are frequently mutually co-varying, identifying the boundaries of the habitat template of each phytoplankter.
The development and, eventually, dominance of particular species is not completely random, but, as Reynolds (1999) stated, "biased probabilistically towards species whose physiological attributes are better suited than most of the others" to a particular set of habitat conditions. However, even with a precise knowledge of the range of environmental variables favourable for the growth of a certain organism, it is difficult to make reliable predictions about the details of a phytoplankton succession: this is particularly true in large lakes, which can maintain a large pool of species (Padisák 1992) and, due to the large habitat diversity, provide refuges where species can survive unfavourable periods and from where they may re-colonise the pelagic environment when the conditions are less hostile (Padisák & Dokulil 1994) . On the other side, large and deep lakes usually show a more or less high resistance to a disturbance, either on a short or long time scale. This kind of system can thus maintain for a long time a stable habitat, which represents a basic condition for a certain phytoplankton assemblage to establish itself as the dominant one. Because of this smoothed variability, the phytoplankton succession can be more similar from year to year in deep lakes than in shallow lakes. This seemed to be the case for the southern subalpine deep lakes: in spite of their different trophic state, , after comparing the phytoplankton assemblages found in lakes Maggiore, Lugano, Como, Iseo and Garda, concluded that phytoplankton composition seemed to be largely dependent on similar geographic, morphometric and hydrodynamic features, whereas the biomass level was mainly determined by the nutrient load. Together with a large set of papers on the phytoplankton of these lakes, these findings represent a starting point towards the possibility to identify phytoplankton associations common to the deep southern subalpine lakes, and stimulated the study carried out by the phytoplankton working group set up in 1999 in the frame of an Italian -Swiss research project on the ecological quality and management of the deep lakes (acronym GLAP). In this paper we present the phytoplankton assemblages recognised in the course of the seasonal succession, during five years, in Lago Maggiore: starting from the identification of typical seasonal assemblages, the main goal of this paper is to provide a basic information for the characterisation of phytoplankton associations typifying the deep subalpine lakes. We analysed the association patterns observed in Lago Maggiore taking into account, whenever possible, the role of the many variables (physical, chemical and biotic) involved in the regulation of a phytoplankton succession and considering also the functional properties embedded into the morphology of the algal cells and coenobia (see Reynolds 1997) .
STUDY SITE AND EARLIER WORK
Lago Maggiore, the second largest Italian subalpine lake ( Fig. 1 ; Tab. 1), is oligotrophic by nature, as testified by early limnological studies (Monti 1929; Baldi 1949; Vollenweider 1965) and by the analysis of the sedimentary pigments (Guilizzoni et al. 1983; Marchetto et al. 2000) . The eutrophication process started in the sixties: the algal nutrient concentration in the lake water started to increase and was soon followed by an increase of the phytoplankton abundance, biovolume and primary productivity (Ruggiu & Saraceni 1977; Ravera & Vollenweider 1968; Morabito & Pugnetti 2000) . The lake reached a trophic state close to eutrophy in the late seventies, when the P loads peaked and the maximum in-lake TP concentration at winter mixing was recorded (around 30 µg l -1 ; Mosello & Ruggiu 1985) . Since that time, the P loads have been gradually reduced by various means, among which the adoption of treatment plants and the reduction of total phosphorus in detergents were the most important. As a result, the values of TP at winter mixing gradually decreased to values around 10 µg l -1 in the most recent years (Calderoni et al. 1997) . The slow reversal of the trophic state of Lago Maggiore is documented by many papers: from a biological point of view, strong emphasis was put in the eighties on the apparent resilience of the plankton communities against falling phosphorus (de Bernardi et al. 1988) . However, starting from 1987-88, major biological changes were at last manifest, especially in the phytoplankton (Manca et al. 1992; Ruggiu 1993) . Notable changes were also recorded in the structure of the phytoplankton assemblages with oligotrophication : among the most important of these, we must mention a remarkable decrease of the average cell size due to an increased importance of the smaller sized phytoplankters, a pattern which could involve deep changes in the whole ecosystem functioning (Harris 1994) .
METHODS AND DATA TREATMENT
Water samples for phytoplankton analysis were collected fortnightly, or often monthly during January, February, November and December, at the station of Ghiffa, corresponding to the deepest point of the lake. A bottle designed to take an integrated sample in the 0-20 m water layer was used. Phytoplankton determinations were carried out on subsamples preserved in acetic Lugol's solution; algal cells (including ultraplankton cells of about 3-4 µm diameter) were counted on a Zeiss Axiovert 10 microscope, following Lund et al. (1958) , until 400 cells for the most important species were counted. Phytoplankton biomass was estimated from density data and original measurements of cell volume (Smayda 1978) . Species were identified using the series Süβwasserflora von Mitteleuropa and Das Phytoplankton des Süβwassers. Oscillatoriales were determined following also Anagnostidis & Komárek (1988) .
Water for chemical analysis was collected monthly and the chemical parameters have been determined at the chemical laboratory of the Istituto per lo Studio degli Ecosistemi (Pallanza), following the methods reported in Mosello & Ruggiu (1985) .
Underwater PAR attenuation was measured using a LiCor Li-250 radiometer equipped with a LiCor Li-192 SB underwater quantum sensor; temperature profiles were obtained by means of a thermistor probe.
The meteorological data considered in the following paragraph are total monthly values, derived from measurements made at the Institute meteorological station in Pallanza.
We calculated the dissimilarity between pairs of samples using the Bray and Curtis index computed on biovolumes of identifiable algae, after a square-root transformation of the raw data, as suggested by Salmaso (1996) . The computation of the Bray and Curtis index was carried out with SIMDISS 2.0 (http://www.bio.-unipd.it/limno/simdiss/), whereas the cluster analysis was performed with Statistica package by StatSoft Inc. (1997) .
After calculating the distance matrix on the whole data set (1995) (1996) (1997) (1998) (1999) , in order to simplify the interpretation of the results, we decided to calculate a distance matrix for each yearly data set. Then, by calculating the mean density of each sample cluster, a second data set in which every year was represented by seasonal groups was obtained. In this way we reduced the whole data set to a smaller matrix, making it easier to compare the seasonal communities from year to year. The identified seasonal groups were named as follows: W = Winter (from January to half March), ESP = Early Spring (half March-half May), LSP = Late Spring (half May-June), ESU = Early Summer (July), LSU = Late Summer (August-September), A = Autumn (October-December).
In the assemblages analysis, carried out after the identification of the seasonal clusters (Tab. 2), we included those species which, at least once during the seasonal cycle, contributed to build up 80% of the total community biovolume. According to their relative biovolumes, we divided the selected species in each seasonal association into three categories: dominant (more than 10% of total biovolume), sub-dominant (between 5 and 10% of total biovolume) and important (species remaining to reach the 80% threshold). We identified the phytoplankton associations corresponding to the main sequence of the seasonal succession (Tab. 3) extracting from the yearly seasonal clusters those species characterising a seasonal assemblage at least in three years of the five studied. In this way, we defined seasonal assemblages which we consider typical of Lago Maggiore, at least for the five years considered.
PHYSICAL ENVIRONMENT

Solar radiation, rainfall and surface water temperature
The local climatic conditions showed a remarkable variability during the study period: because the climatic constraints have been often indicated as important factors in controlling the phytoplankton dynamics in Lago Maggiore (see Morabito, 2001 and references therein), we report in this chapter a short description of the trends followed by the three main meteorological parameters in the period 1995-1999. The monthly average values of the total incident solar radiation recorded at the meteorological station in Pallanza showed very high values during March, April and May 1997, followed by a strong decrease in June and a new period of high solar radiation from July to November. On the other side, the year 1996 was characterised by a lower amount of radiation during the winter months and during July and August. In 1995 the annual peak was recorded in July, whereas in August and particularly in September this parameter fell to very low values. Winter 1998 showed quite high values until March, but in April a strong decrease was observed. During summer and late summer the monthly averages were the highest of the whole study period. Spring 1999 showed average values similar to those recorded in 1996, but the yearly peak was reached in July, as in the remaining years (except 1996) . In August a sharp decrease of the solar radiation was observed; however, from September to December values comparable to those of 1998 were recorded.
As concerns the rainfall amount, a certain year-toyear variability has been recorded: in general, the winter period is characterised by low rainfall, spring and/or autumn can be the most rainy seasons, but peaks can occur also in different months. In 1995 two peaks of rainfall were recorded, the first in April and the second in September; 1996 showed three peaks (January, May and November), but also high values during July and August, followed by a September with very scarce rain. After the peak recorded in November 1996, the rainfall amount was very low until April 1997: in June 1997 the yearly maximum took place, followed by a summer period characterised by scarcity of precipitation and a second peak in November. The rain was scarce again during winter 1997-1998, then a peak was observed in the next April, while in the rest of spring and summer rainfall was low again until September (second yearly peak). High precipitation was also recorded during December 1998. Low rainfall was recorded thereafter, but in March 1999 the monthly average was the highest measured during this month over the whole five-year period. The rainfall of spring 1999 was also quite high, but in the range of the spring values recorded since 1995. After a summer period of scarce precipitation, in September the yearly peak was recorded, then the values decreased until the end of the year.
The seasonal fluctuations of the solar radiation are also responsible for the variability of the water temperature in the course of the year. A clear indication of this close relationship is given in figure 2. A change in the amount of the incident solar radiation determines a change in the surface water temperature with a delay of about one month. During 1997 this causal relationship is particularly clear: in fact, the high values of water temperature during spring, late summer (max over 24 °C in August) and autumn are probably due to the high amount of incident solar radiation, whereas the strong decline of radiation in June can explain the cooling of the surface waters during July down to 16.5 °C. The years 1995 and 1996 show a similar seasonal evolution of the water temperature, with average values lower than 1997 in every season. During spring 1998 the surface waters reached quite high temperatures, comparable to those recorded during spring 1997, but from July to December the temperature trend was more similar to that of 1995-'96, with values lower than during 1997. The year 1999 is characterised by a spring period with surface temperature slightly lower, because of the February complete overturn (see next paragraph): the surface waters remained colder even during the early summer, reaching the maximum value in August, then maintained slightly higher values during the autumn months, with respect to the period 1995-1998.
Thermal seasonal regime
Lago Maggiore is a warm monomictic lake, sensu Hutchinson (1957) : however, according to , the lake can be classified as olo-oligomictic, because, due to its high depth, a complete overturn takes place only during the coldest and most windy winters. During February 1999 and 2000 Lago Maggiore underwent a complete overturn, an event which is rarely observed: before 1999 the previous complete overturn took place in 1971. During winter circulation events, the mixing depth usually reaches 100-150 m . Figure 3 reports the seasonal course of the water column temperature in the years 1998 and 1999: the first year exemplifies the commonest situation, and the second one what occurs during a full mixing year. Since the end of May the lake is thermally stratified and it is possible to identify an epilimnetic layer, where the maximum surface temperature can reach 21-22 °C during August (24 °C in 1997), and a metalimnetic layer, located between 10 and 15 m depth. In September the thermocline moves down to about 20 m depth as water cools down, then gradually disappears. The winter mixing usually takes place in February. During February 1999 a full mixing of short duration took place: the most significant effects recorded on the planktonic communities were a strong depletion of the organisms in the euphotic layer, as they were redistributed over a 370 m deep water column. A refuelling of "new" algal nutrients to surface waters, stimulated the spring productivity. However, no further effect of the full mixing was observed during the rest of the year, as documented by Manca et al. (2000) .
Light seasonal regime
During 1998 and 1999 we calculated the depth of the euphotic zone (Z eu ), defined as the depth where the incident PAR falls down to 1% of the surface value, by radiometric measurements of the underwater PAR attenuation. The euphotic layer varied from about 25 m depth in winter months to 10-15 meters in summer. Following Kirk (1994) the values of the vertical light attenuation coefficient (K d ) were calculated as the slope of the exponential relationship between incident PAR radiation (I o ) and underwater PAR measured at each single depth (I z ). During 1998 and 1999 K d fluctuated in the range 0.1-0.5 m -1 , values commonly found in clear lakes (Kirk 1994) .
For both years, a relationship between chlorophyll-a concentration in the euphotic layer and K d showed that in Lago Maggiore a significant amount of the light attenuation is due to non phytoplanktonic material, being the intercept of the regression equation around 0.2 m -1 . Moreover, this relationship showed an uncoupling between the seasonal trends of chlorophyll, K d and transTab. 3. Phytoplankton associations in Lago Maggiore (1995) (1996) (1997) (1998) (1999) parency measured as Secchi depth, indicating that euphotic chlorophyll-a concentration cannot reliably be used to estimate the depth of the euphotic zone. A good relationship also exists between Secchi depth (SD) and euphotic zone depth (Z eu ), so that transparency can be used to estimate the depth of the euphotic layer, according to the following equation derived from the data collected during 1998 and 1999: four samples were taken during that year for chemical analysis. The seasonal pattern of oxygen and pH in the surface waters was typical, paralleling the fluctuations of the phytoplankton photosynthetic activity, i.e. with the minimum values in autumn and winter and the maxima in summer. In the deeper layers such fluctuations are also present, but very smoothed. The effect of the winter mixing can be seen in the attenuation of the differences between epilimnetic and hypolimnetic values, but a complete homogenisation of the values along the whole water column took place only during the full mixing in 1999.
The conductivity values, decreased in summer months, due to carbonate precipitation, caused by the algal CO 2 depletion. It should be noted the gradual increase in conductivity in the bottom layers, due to the deep accumulation of solutes, which was broken down by the complete overturn of February '99.
The trend of nitrate nitrogen in the surface waters is probably related to the algal consumption: after the replenishment of the epilimnetic waters with mixing, when nitrate reaches about 850 µg l -1 , its concentration decreased from spring to the end of summer, when the annual minimum values of around 550 µg l -1 are usually recorded. With these values, a nitrogen limitation can be excluded in Lago Maggiore. The hypolimnetic values are stable, fluctuating between 800 and 850 µg l -1 .
Epilimnetic reactive silica fluctuates in the range 0.4 -1.4 mg l -1 , following an usual pattern, dependent on the consumption by diatoms and on the supply by winter mixing. In the bottom layers the variations are very smoothed and the concentration remains quite stable around 0.5 mg l -1 .
Epilimnetic reactive phosphorus is always very low, with values around 3 µg l -1 during the whole year, often close to detection limit of the analytical method used. Exceptionally, during the complete overturn of winter 1999 a peak of 8 µg l -1 was recorded. A concentration between 6 and 8 µg l -1 usually characterise the hypolimnetic water layers. The epilimnetic concentration of total phosphorus never exceeded 10 µg l -1 , except during the 1999 overturn, when this parameter reached 14 µg l -1 . The fluctuations of phosphorus do not seem to be related to the algal consumption and, in general, no clear temporal trend is recognizable. (1996-1999). 6. PHYTOPLANKTON ASSOCIATIONS (1995 -1999 In Lago Maggiore the two dominant algal groups by biovolume are Cyanoprokaryota and Bacillariophyceae, as shown in figure 6 . The first group is present during the whole seasonal cycle, and reaches the highest importance in summer. The diatoms are usually dominant in spring, when the mixing depth is great enough to counteract their sedimentary losses. Peaks of diatoms are also recorded during summertime, mainly located at the metalimnetic layer, where the temperature gradient can slow down their sedimentation.
The phytoplankton succession was quite uniform from year to year. Some differences were due to the variable relative importance of each single algal group. For instance, the contribution of the Cyanoprokaryota declined during the last two years. Among the others, Chrysophyceae, Cryptophyceae and Dinophyceae can be sub-dominant during the whole seasonal cycle, whereas high Chlorophyta biovolumes are usually limited to the summer season.
The cluster analysis performed on the whole data set shows a clear separation of the samples collected during 1998 and 1999 from the remaining samples (Fig. 7) , a fact possibly explained by the mentioned reduction of the Cyanoprokaryota. However, it should be pointed out that the 1998 samples form a single cluster at the highest hierarchical level, whereas the 1999 samples are more like those of the period 1995-'97. Although the general pattern of the seasonal succession appears to be very similar during the last two years (see Fig. 6 ), the different seasonal dynamics of the algal groups can explain the segregation of the 1998 samples. In fact, dur- (1996-1999). ing 1998 diatoms declined earlier than in 1999, leaving place to the development of other groups (Chrysophyceae, Cryptophyceae, Dinophyceae). Moreover, in July 1998 the Chrysophyceae declined, whereas during 1999 this group was very important in the same month. Lower values of the biomass of Cyanoprokaryota and a different dynamics of this group also contributed to the separation of the year 1998 from the others.
The dynamics of the algal assemblages can be better understood through a fine analysis of each single year. The results of the cluster analysis enabled us to divide each yearly data set into seasonal clusters, identified as explained in Section 3. The species associations characterising each seasonal period from 1995 to 1999 are described below. Figure 8 show the seasonal fluctuations of the species characterising the assemblages recognised for the study period 1995-1999.
Winter
As explained in Section 3, the season called Winter (W) includes the samples collected from January to half-March. by Planktothrix rubescens and Oscillatoria limnetica, reaching together more than 40% of the total biovolume. Sub -dominant species (between 5% and 10% of the total biovolume) are Aulacoseira islandica morf. 1996 1997 1998 1999 1995 1996 1997 1998 1999 By comparing the five winter phytoplankton cluster as described in the methods section, we identified a group of species which we may call, at least provisionally, the "Winter phytoplankton association" in Lago Maggiore (see Tab. 3): this assemblage is dominated (biovolume greater than 10%) by the Cyanoprokaryota Planktothrix rubescens and Oscillatoria limnetica and by the diatom Asterionella formosa; the most common sub-dominant species (biovolume between 5 and 10%) are Rhodomonas minuta and R. lacustris, Aulacoseira islandica morf. helvetica, Chrysochromulina parva.
Early Spring
The season named Early Spring (ESP) includes the samples collected from half-March to half-May.
During ESP 1995 Planktothrix rubescens and Diatoma tenuis were the dominant species, Oscillatoria limnetica, Aulacoseira islandica morf. helvetica, Ceratium hirundinella the sub-dominant.
In 1996 the ESP assemblage was dominated by the pennate diatoms, in particular Fragilaria crotonensis, Diatoma tenuis, Asterionella formosa. Planktothrix rubescens was the most important sub -dominant. However, it must be noted that inside this assemblage some changes, towards a species composition closer to that of the Late Spring period, took place earlier than in other years: this may depend on the fact that the period February -April 1996 was characterised by unusual meteorological conditions, with rain and wind lower than the average monthly values recorded since 1978 for rain (Libera & Carollo 1997) and since 1957 for wind respectively. An anticipated warming of the water during April probably stimulated an earlier growth and decline of the diatoms, contributing, during May, to the establishment of species usually found later in the year, typically Oscillatoria limnetica and Cyclotella cf. comensis.
The phytoplankton dynamics during ESP 1997 is more complicated: in March samples Diatoma tenuis, Aulacoseira islandica morf. helvetica and Oscillatoria limnetica were the dominant species, with Mougeotia sp. and Cyclotella comensis sub -dominants. However, during April a shift in the species composition took place: the diatoms declined and were replaced by Ceratium hirundinella (dominant with Oscillatoria limnetica) and by Cyanodictyon planctonicum, Cryptomonas sp. and Aphanothece floccosa as sub -dominants. In May the succession pattern reverted towards the dominance of Diatoma tenuis, which amounted to more than 40% of the total biovolume. Oscillatoria limnetica was also important (34% as biovolume). The reasons for the April shift are not clear: no changes in nutrient concentration nor in water temperature can be claimed as possible causes. An exceptionally high incident solar radiation was recorded during April 1997, even though the effect on the water temperature became evident only during May. However, the progressive warming of the water column could have favoured the development of herbivorous zooplankton: in fact, during April 1997 the copepod population reached the highest abundance values for the period 1995 -1998 . The temporary shift in the species composition could be, at least in part, due to an increased grazing pressure.
During ESP 1998 Limnothrix sp. and Fragilaria crotonensis were the dominant species and Aphanothece sp. and Asterionella formosa the most important subdominants.
ESP 1999 was fully dominated by the diatoms, in particular by Aulacoseira islandica morf. helvetica and Cyclotella comensis/gordonensis as dominants, together with Fragilaria crotonensis and Asterionella formosa as sub -dominants.
The analysis of the species assemblages recorded during the five years enabled us to identify one characterising the Early Spring, dominated by the pennate diatoms, mainly with Diatoma tenuis, Aulacoseira islandica morf. helvetica, Fragilaria crotonensis and Asterionella formosa. Ceratium hirundinella and Cyclotella comensis can be important as sub-dominants species (Tab. 3).
Late Spring
Under the term Late Spring (LSP) we included the samples collected from half-May to the end of June. Late Spring 1995 is characterised by an almost complete dominance of Planktothrix rubescens (62% of total community biovolume), together with Fragilaria crotonensis.
In 1996 
Early Summer
Apparently, a shift of the assemblage composition from Late Spring to Late Summer association often occurs in July, as shown by the separate clustering of the samples collected in July. Because of this kind of clustering, the July samples only were selected to represent the seasonal period called Early Summer (ESU). In fact, the assemblage recorded during July can be, in most cases, a mixing of the species present during both spring and late summer. For instance, diatoms, typically a spring group, can be still important, as has been observed in July 1995 , 1996 and Tabellaria flocculosa were recorded as dominant or sub-dominant species (see Tab. 2). Together with diatoms, the blue-greens Planktothrix rubescens and Oscillatoria limnetica were dominant or sub-dominant during ESU 1995 , 1996 . Two years (1997 showed quite different associations during July: the first was dominated by species more typical of colder periods, such as Rhodomonas minuta and Cryptomonas sp. (together with Ceratium hirundinella and Chrysochromulina parva), probably in part dependent on the strong decrease of the water temperature in July 1997 (see Fig. 2 ). The assemblage of July 1998 was dominated, on the other hand, by Cyanoprokaryota, mainly Chroococcales (Aphanothece clathrata, A. floccosa, Aphanocapsa delicatissima). On the whole five year period, the July assemblage was highly variable from year to year, probably because it represents a transitional phase during the seasonal succession pathway. Due to this reason, only four species can be recognised as distinctive members of the ESU association: Planktothrix rubescens and Fragilaria crotonensis as dominants; Cyclotella comensis and Chrysochromulina parva as sub-dominant.
Late Summer
Late Summer period (LSU includes August and September.
In 1995, these months were dominated by Diatoma tenuis, with Ceratium hirundinella and Oscillatoria limnetica as sub-dominant species.
Oscillatoria limnetica became the dominant species during summer 1996, being Cyanodictyon planctonicum and Cyclotella comensis the sub-dominants.
During August and September 1997 and 1998 the Chroococcales became the most important algae: Aphanothece clathrata dominated during 1997, with Aphanothece floccosa sub-dominant, whereas during 1998 both species were dominant together with Aphanocapsa delicatissima. During late summer 1997 Fragilaria crotonensis and Ceratium hirundinella too reached a biomass higher than 10% of the total.
Cyclotella comensis was the dominant species during LSU 1999: many species were sub-dominant, such as Snowella lacustris, Fragilaria crotonensis, Ceratium hirundinella, Planktothrix rubescens (see Tab. 2). As during ESU, the years 1997 and 1998 exhibited very similar LSU assemblages, but different from those in 1995, 1996 and 1997. Because of this variability, we could distinguish only four taxa typical for the LSU association: the three most important, often included among the dominant or sub-dominant, are Cyclotella comensis, Ceratium hirundinella and Aphanothece (clathrata and/or floccosa). Moreover, due to its constancy, although never dominant and sometimes subdominant, Planktothrix rubescens too should be included in the LSU association.
Autumn
The samples collected from October to December were part of the Autumn (A) seasonal period. During October 1995 the phytoplankton assemblage exhibited intermediate features between a LSU and an Autumn association (see Tab. 2). Among the most important species was Aphanothece clathrata, whose growth was probably enhanced by a long period of moderate wind and scarce rainfall. The two following months (November and December) were dominated by Asterionella formosa, Planktothrix rubescens, Diatoma tenuis, with Gymnodinium helveticum, Cryptomonas erosa, Ceratium hirundinella and Fragilaria crotonensis as sub-dominant species.
In Autumn 1996 Diatoma tenuis and Planktothrix rubescens shared their dominant position with Oscillatoria limnetica and Snowella lacustris. The most important species in the biovolume range 5-10%, were Rhizosolenia eriensis v. morsa, Gymnodinium helveticum and Fragilaria crotonensis.
Rhodomonas minuta, Gymnodinium helveticum, Ceratium hirundinella and Rhodomonas lacustris dominated the association A during 1997, with Aphanothece clathrata as sub-dominant.
The group of the dominant species was quite similar during Autumn 1998 and 1999: the two dominant species in 1998 (Planktothrix rubescens and Rhodomonas minuta) were again the most important in 1999, together with Mallomonas caudata and Fragilaria crotonensis. On the other hand, the sub-dominant species group was completely different: Thalassiosira pseudonana, Aphanothece sp., Ochromonas sp., Snowella lacustris and Chrysochromulina parva in 1998; Ceratium hirundinella alone during 1999.
In summary, from autumn 1995 to autumn 1999 the phytoplankton assemblage showed a smoothed variability, making easier the identification of an association dominated by Planktothrix rubescens, Rhodomonas minuta and Gymnodinium helveticum. Ceratium hirundinella, Fragilaria crotonensis and Snowella lacustris built up the group of sub-dominant species.
DISCUSSION
The phytoplankton communities of the deep southern subalpine lakes have been compared to each other in two previous studies Ambrosetti et al. 1992) : most of the species classified as dominant or sub-dominant in the present paper are the same already identified as common to this kind of lacustrine system; typically Planktothrix rubescens, Asterionella formosa, Fragilaria crotonensis, Aulacoseira islandica morf. helvetica, Rhodomonas minuta and lacustris, Ceratium hirundinella, Mougeotia sp. Other species, such as Cyclotella comensis and Chrysochromulina parva, became important only in the most recent years in Lago Maggiore, following the improvement of its trophic status.
The basic structure of the assemblages more recently described confirm the hypothesis made by that in deep southern subalpine lakes the phytoplankton composition is largely dependent on similar geographic, morphometric and hydrodynamic features, whereas the biomass level is mainly determined by the nutrient load. This confirmation coming from the last few years certainly represents a favourable starting point towards a possible identification of algal association patterns characterising these kind of lacustrine ecosystems. The analysis presented here enabled us to recognise the phytoplankton associations occurring in Lago Maggiore; however, the proven existence of a pool of species common to the whole lake district could have a wider application and consequently a wider significance for our findings.
In table 3 we reported the seasonal assemblages identified during the study period, whereas figures 8-9 show the seasonal development of single species. As previously explained, each seasonal period includes the months chosen on the basis of the samples clustering as resulting from the calculation of the Bray-Curtis similarity index. It is interesting to note that a similar periodicity has been suggested by Reynolds (1980; 1984) and by Seip and Reynolds (1995) in relating the functional attributes of phytoplankton to the changes in the physical environment. This coincidence reinforces the possibility of a widespread application of our results.
The Winter association (Tab. 3) is made up by a set of C and R species, following the classification of lifestyle strategies proposed by Reynolds (1997) and is dominated by filamentous Oscillatoriales. This kind of cyanobacteria are typical representatives of two distinct Associations, named by Reynolds (1997) R and S respectively. The first, called Planktothrix rubescens/mougeotii, is typical of well stratified lakes, where the cyanobacteria form plate-like layers close to the metalimnion, while the second (S), characterised by Planktothrix agardhii/redekei, is very common in shallow, turbid and well mixed environments. However, it is nearly impossible to distinguish Planktothrix rubescens from Planktothrix agardhii by microscopic examination alone, so that they are usually joined together in the Planktothrix rubescens/agardhii group (e.g. Skulberg & Skulberg 1985) . Because of this, we cannot say whether the Planktothrix colonies recorded during winter belong to one or the other of the two species. The separation proposed by Reynolds (1997) on the basis of the respective ecological preferences does not help: in fact, although the mixed water column of the winter period should host the S-Association (the deep mixing could have the same effect as turbidity on the light climate experienced by the algae), these Winter Oscillatoriales could represent the inoculum for the successive growth of P. rubescens, as described by some authors .
In this paper the Planktothrix filaments have been always ascribed to the rubescens species, as it was made in past taxonomic lists from Lago Maggiore.
The Winter association also contains abundant small single-celled algae, mostly belonging to the X2-Association of Reynolds (1997) . They are typical C-strategists, with a high s/v ratio and a high growth rate. Given their active movement capabilities, these algae (Rhodomonas minuta and lacustris, Chrysochromulina parva), are very good competitors under different mixing regimes, but probably do not tolerate a deep mixing and reach their maximum winter development before the onset of the deep overturn.
The Early Spring (ESP) period is largely dominated by the pennate diatoms (Tab. 3). The ESP association is very close to the C-Association by Reynolds (1997) , where the large pennates are often co-dominant together with the large centric Stephanodiscus spp., in highly productive lakes: in the southern subalpine lake district, however, the spring development of the large pennates (Asterionella formosa, Fragilaria crotonensis and Aulacoseira sp.) usually characterises the deep oligomesotrophic lakes (Salmaso 2000; Mosello et al. 2001) . In these lakes various centric diatoms can be sub-dominant, apparently depending on the trophic status: Cyclotella comensis in the oligotrophic Lago Maggiore, Stephanodiscus sp. in the mesotrophic lakes Garda (Salmaso 2000) and Como .
The long-term changes in the identity of dominant species in the large and deep Lake Constance are in accord with the finding that in large subalpine lakes the pennate diatoms are mostly associated to an oligomesotrophic condition. In fact, Asterionella formosa and Fragilaria crotonensis dominated the spring assemblage in Lake Constance in the pre-eutrophication period, leaving place to Stephanodiscus spp. during the worsening of the lake trophic status and reappearing among the spring dominants during the restoration process (Kümmerlin 1998; Gaedke 1998) .
The following seasonal periods (Late Spring and Early Summer) in Lago Maggiore are both characterised by an assemblage with Planktothrix rubescens and Fragilaria crotonensis as the dominant species. The establishment of this new assemblage is possibly linked with the changing physical structure of the water column. The fast and strong decline of the Z m /Z eu ratio (Figs. 8-9 ) results in the segregation of a new metalimnetic ecological niche, characterised by low radiation and high nutrient availability. The metalimnetic stratification of Planktothrix rubescens during summer is a well-known phenomenon in lakes (see Reynolds & Walsby 1975; Klemer 1976; Micheletti et al. 1998) . P. rubescens was also found to stratify in the metalimnion of Lake Mergozzo, a small and deep subalpine lake close to Lago Maggiore (Zutshi 1976; Saraceni et al. 1978) . This behaviour is due to the species adaptation as a "shade-plant", thanks to its pigment composition and functional morphology, giving this species a high competitive advantage (Reynolds 1997) . The elongated shape gives also to Fragilaria crotonensis a high efficiency of light harvesting: this physiological property, together with silicate availability and the thermal gradient slowing down its sedimentation, probably make the metalimnetic layer a favourable environment where Fragilaria can thrive even during summer, although reaching biovolume values usually lower than during Early Spring. Lindenschmidt & Chorus (1998) suggest that the summer growth of Fragilaria crotonensis could be explained by an intermittent mixing of the water column: however, in Lago Maggiore this diatom is a typical component of the phytoplanktonic biota during summer, apparently not related to episodes of mixing, as suggested by the lack of relationship between summer wind peaks and Fragilaria growth.
The association Planktothrix rubescens/Fragilaria crotonensis appears therefore favoured by the set of chemical and physical conditions characterising the summer euphotic zone of the deep oligo-mesotrophic lakes, where the metalimnetic layer is sufficiently illuminated (surface shading blooms are extremely rare) and nutrient rich. In fact, this kind of assemblage has been described also in lakes Como and Garda (Salmaso 2000) : in the latter one it has been recorded at 20 m depth, thus confirming the adaptation of these two species to the metalimnetic niche.
The importance reached by Mougeotia sp. and Cyclotella comensis during summer, could be explained as in Salmaso (2000) for Lago di Garda: both species are good competitors for phosphorus and show low sinking rates.
The Early Spring and Early Summer assemblages include also small flagellated chrysophytes and cryptophytes, able to migrate through the epilimnetic water, exploiting the light in the upper epilimnion and the nutrient availability of the lower epilimnion.
The late summer association is characterised by the decline of Fragilaria crotonensis and the appearance of Ceratium hirundinella: a similar species shift has been also observed in Lake Constance by Sommer (1986) , who explained this shift as a consequence of silicate depletion.
Ceratium hirundinella is commonly recorded since Early Spring in significant amount, but only during late Summer it reaches its highest importance: maybe the stability of the water column in late summer represents the ideal environment for the vertical migration of the dinoflagellates searching for nutrients and optimum light intensities.
During August -September Aphanothece sp. was often common in Lago Maggiore, occasionally reaching bloom densities, as recorded during summer 1997. Reynolds (1997) includes these small Chroococcales into the K-Association, typical of small intermittently flushed lakes. In Lago Maggiore, however, the development of these cyanoprokaryota could be mostly related to oligotrophication and to the changes in the phytoplankton community structure : in fact, they only recently appeared (early 90s; Garibaldi et al. 2000) and their importance progressively increased afterwards. Some recent studies on the picoplankton of Lago Maggiore (Callieri & Stockner 2000) indicate an increase of picocyanobacteria in the same time period, and suggest that the colonies identified as Aphanothece spp. could be, particularly during late summer, aggregates of picocyanobacteria, more suitable to face unfavourable environmental conditions (Passoni & Callieri 2000) .
Under the attenuated light and temperature of the autumn period a new growth of Planktothrix rubescens, together with a reappearance of Fragilaria crotonensis, probably stimulated by the silicate supply and by an increased Z m /Z eu ratio, takes place: on the other hand, the presence of Snowella lacustris in the Autumn asso-ciation is surprising, as it is usually described as a summer species in the literature (see Reynolds 1997) . However, in Lago Maggiore its growth season is often shifted towards the autumn months (Fig. 9) . We could hypothesise that some intermittent mixing of the surface water, taking place during the progressive cooling of the epilimnion, could give this species some advantage: it is well known that such a mixing regime can lead, in a suitable environment, to the dominance of Microcystis aeruginosa, a species morphologically and probably also physiologically similar to Snowella lacustris.
In short, the succession pattern described in this chapter and summarised in table 3 can be seen as the main sequence of the phytoplankton succession in Lago Maggiore.
CONCLUSIONS
In our opinion, the significant result of the present paper is the identification of algal assemblages, typical of each seasonal period in Lago Maggiore. An effort was made to identify both the seasonal periods and the algal assemblages by methods as objective and widely used as possible, though some subjectivity was inevitable in the final step of the assemblages identification, based as they were on a hierarchy of dominant, subdominant and important species.
The identification of a pool of species common to other southern subalpine lakes and the existence of a similar time periodicity in the development and decline of most of them across this lake district would be very promising in order to give our results a wider application. Moreover, as pointed out by other studies Salmaso 2000) , the physical properties of these lakes, due to their peculiar morphological and hydrological features, probably constitute a sort of standardising factors, forcing the succession pattern towards a limited number of probabilistic outcomes.
Because of this reason, the main sequence of phytoplankton succession recognised during our study could probably fit most of the succession patterns described in the southern deep lakes. However, when applying our model to other deep subalpine lakes, at least three critical points must be emphasised.
The first is that a disturbance can modify the main sequence, determining "shifts" or "reversions" (sensu Reynolds 1980) . Examples of this deviations from the main sequence took place during Early Spring and Early Summer 1997 and Autumn 1995, as described in a previous paragraph. In all these events an unusual combination of meteorological parameters probably played a key role in modifying the succession pattern: in Lago Maggiore a strong link between climatic fluctuations and some of the changes recorded in the planktonic events has been often observed during two decades of studies of the phytoplankton evolution (see Morabito 2001 and references therein). Moreover, climatic fluctuations at a larger scale can deeply modify the time course of the phytoplankton succession (Weyhenmeyer et al. 1999; Straile 2000) , although no effects on the species composition were recorded until now.
The second point is that our analysis doesn't take into account the structuring role played by the zooplanktonic organisms: even though an evident clearwater phase has been only occasionally observed in Lago Maggiore (i.e. Morabito et al. 1997) , anyway it has been demonstrated (Manca & Ruggiu 1998 ) that herbivory is an important regulatory factor for the phytoplankton growth in this lake.
Finally, it must be taken into account that most of the deep southern subalpine lakes are still undergoing trophic changes and, therefore, modifications of the phytoplankton assemblages can be expected.
